Analysis of One Gene

The role of the c-myc oncogene and hemopoietic
growth factors in tumorigenesis

Gregory D. Schuler
Ph.D. Thesis, Princeton University, 1988
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Analysis of Many Genes

Science Jan 1 1999: 83-87
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Sequencing the Genome

+T-1- HumanGenomeSequencing - Netzcape

Approx. 3,200,000 kb

[l
of DNA, to be finished Human Genome Sequencing
in 2003
Sequencing Progress
- Finished sequence:
& 292,513 kb
Working draft E
e Working draft:
sequence by 2000 . 294,518 kb
= 9.2% of genorme
=L More statistics...
1 2 3 4 10
Estimated 65,000 to % 3 & Bl Finished, >250 kb
e 8 g contiguous
80,000 genes | & 7 [ Finished, <250 kb
g = I conti |
13 14 16 16 17 18 A 2 gHnts
o #pril 1920 | [0 Oraft sequence
The H & Project 1 di - .
About 100,000 kb of on an aceelerated timetable for completion of | B3 oteT0eOmat
. the genome, Thiz web site provides an
COdIng DNA (3% Of azzezzment of current progrese and access to
all data produced,
the genome)
What's New
15 Mar 1333, Az the three-year pilot phaze of the
Human Genome Project draws to a cloge, the =
97% “junk DNA” /

www.nbci.nim.nih.gov/genome/seq/



GenBank is an
archive of published
sequences

May be many
representatives of a
given gene

One Gene, Many Sequences

Characterized Genes

ATG TAA

N

Expressed Sequence Tags
5 EST B <
5 EST =& <
5 EST =& <
5 EST ==

genomic, contiguous
genomic, segmented

MRNA variant 1

MRNA variant 2

3" EST
3" EST
3" EST
3" EST



LocusLink

Example: AGL amylo-1,6-glucosidase,4-alpha-glucanotransferase

-} LocusLink - Microsoft Internet Explorer

J File  Edit “iew Go Fawvorites  Help

|+

;; NCRBI LocusLink:”_ii

FubMed Entrez BLAST I
Sear.:hann::usLinl-:j f.:.rlagl Gul

Taxaonomy structure

LocusLink Horme
ABCDEFGHIJTELMNOPOQE STUVWHTY Z

LocusID Symbol Description Postion Links

178 AGL  amyle-1,6-glucosidasze, 4-alpha- 1p2l 1 FI .

clucanotransferase (glycogen debranching ensyme
glycogen storage disease type I

_— e
OMIM RefSeq GenBank




RefSeq

Homo sapiens

J Official Gene Symbol and Name

AGL: amylo-1,6-glucosidase, 4-alpha-glucanotransferase
(glvcogen debranching enzyme, glycogen storage disease type III)

Locus Information
Summary: Glycogen

LocusID: 178 debranching enzyme is involved
Alternate Symbols: GDE; In glycogen degradation and
Product: has two independent catalytic
amylo-1 6-glucosidase, activities: a

d-alpha-glucanotransferase  4-alpha-glu B Homo sapiens AGL Reference sequence
Alias: glycogen debranching  (EC 2412 status: REVIEWED

ENZYME; amylo-1,6-¢ ;

EC number: 24 195 (EC 341 :5 Source mRNA Protein

EC number: 3.2.1.23 occuratdif acla  Us4007 M 0006842 MNP 000633 amylo-1.8-glucosidase,

Chromosome: 1 mﬂ?? polyr 4-alpha-glucanotransferase

Position: 1p21 AN AGLL  UB4008 M 000644 NP 000635 amylo-16-glucosidase,

i ghycogen st

OMIM: 232400 wids range 4-alpha-glucanotransferase

LiniGene; 580+ enzymaticy AGLc UB4009  NM 000643 NP 000634 amylo-16-glucosidase,

gll"e"ﬂt'fpft’- : i glycogen d 4-alpha-glucanotransferase

Ghcooen storace discase b SOMC W AGLd  UB4010  NM 000028 NP 000019 amylo-1,5-glicosidase,
tisslie-spec 4-alpha-glucanotransferase

I ——
AGLe  MB5168 N 000645 NP 000636 amylo-1.6-glucosidase,

4-alpha-glucanotransferase

AGLF  UB4011 Mh 000646 NFE 000637 amylo-1B-glucosidase,
4-alpha-glucanotransferase




Expressed Sequence Tags (ESTs)

1,200,000
Clones chosen at
random from many
different cDNA ? 1,000,000 -
libraries =
c
LLl 800,000 -
] ()]
High-throughput 2
single-pass 8 600,000
. O
sequencing o)
N
— 400,000 +
7))
Now over two L_Ié
million ESTs O 200,000 -
e 38333535888 555 83
! > Q. ! > Q. ! > Q. ! > o 1 > o 1 >
§ 23523523552 3852 8532
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Screened for E.coli,
yeast, rRNA and
mitochondrial

Screened for vector,
repetitive elements
and simple repeats

Manually maintained
exclusion list for
fusion sequences

Selection of Sequences for UniGene

GenBank GenBank dbEST
MRNAs genomic ESTs
‘ “electronic splicing” ‘
|
14,389 5,371 1,256,901 | Initial set
14,284 5,369 1,244,056 Contaminant
‘ ‘ ‘ removal
Informative
14,2|84 5,369 1,169,|720 length cutoff
Pooled
1,1 89f73 sequences
Fusion sequence
1,189,324 removal




Sequence Similarity Relationships

Sequence alignments

using MegaBLAST

(Zhang, Schwartz, and .
alignment

Miller, unpublished) P >
96.5 % id

Constraints on 209 f
alignment quality and y o Coverage ot |

coverage alignable region

Coverage

requirement reduces
problems caused by
chimeric sequences



EST that matches

both hemoglobin
o and elongation

factor 1a

Chimeric Sequences

% BLAST Search Results - Netscape
File Edit %iew Go Communicator Help

Query= AA330477 EST34213 Embryo, 12 week II Homo ﬂ
sapiens cDNA 5' end similar to similar to translation

elongation factor 1, alpha.

Color Key for Alignnent Scores

<40 40-50 50-80 . 80-200  [EEEGO
QUERY A R A L A L A B S S B e e e e e e
0 hi 100 150 200 250 300

a|
= | | Document: Done




One bad sequence
can corrupt two good
clusters

Some chimeras can
be found by graph
analysis

For known genes, use
reference sequences
to force apart

Effect of Chimeric Sequences

A

Hemoglobin o
sequences

L

Chimeric
sequence

Elongation factor
1o

sequences



ESTs from opposite
ends of a clone often
do not overlap

Clone IDs can bring
ends together only if at
least 2 clones agree

Clone Relationships

5 UTR CDS 3 UTR
| |
A (e, <4+— B
C _». ........................... .<_ D
E _>. .................... .4_ F




Multi-step clustering
prevents bad ESTs

from corrupting good
mRNA/gene clusters

3’ ends desired to
avoid multiple
clusters per gene

Multi-step Clustering

GenBank GenBank dbEST
MRNAs genomic ESTs
Cluster known I
genes first 9’%40
208,079 Add ESTs
5 I 57 Select 3’ anchored
5’|5 clusters
58,638 Merge singletons
I
58,638 | Add “guest members”

v

UniGene




Estimates of
lumping and
splitting estimated
from partitioning of
STSs or locus IDs

Lumping and Splitting

Lumping:
More than one
gene in a cluster

2.4% lumping

Splitting:
Multiple clusters
for one gene

1.2% splitting

©

(A)

® ©

D



3’ Anchoring

Requiring 3’ end
reduces Sp|ltt|ng start stop poly-A signal
MRNA AAAAAAAA

Over 90% of libraries

are oligo-dT primed 3’ ESTs




Poly(A) Signal Detection

. . H anal
Algorlth_m is based examer signa Poly(A) tract
on published data AATAAA End of
sequence
but tolerates over ATTAAA AAAAARAA. .. g
and under trimming \ / \ /
| —
10-35 =7 <10
Hexamer signal
AATAAA End of
ATTAAA sequence
| —/ 4Iy(A) may be trimmed

<35

Wabhle & Keller (1992) Annu Rev Biochem 61, 419-440



Gene Discovery Rate

Human
61,069

Rat

22,104
Mouse
14,117

L 66-uer
| gg-des
|86-Ael
| g6-uer
| ,6-des
|L6-AelN
| L6-uer
| 9g-des
196-Aen
| 96-uer
| G6-des
1G6-Ae
g6-uer
L ¥6-dos
v6-Ae
| y6-uer
L €6-dos

c6-Ae
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Y UniGene Query - Netscape

File Edt “iew Go Communicator Help

| v 2 AV atsd

e

-8l UniGene

Search for Iprnstate specific antigen

4 records zatizfy the query

UniGene Description Symbol
Hz.154& | Proztate specific antigen APS
H=.1915 |PROSTATE-SPECIFIC MEMERANE ANTIGEN

Hz. 74647 | T cell receptor alpha-chain TCREA
He. 76294 | CD6&3 antigen [melanoma 1 antigen)| CDE3

Questions or comments? Write to the NCEI Help Deszlt

|




7 Prostate specific antigen - Metscape

File Edt “iew Go Communicator Help

|42 A Datlsd

-8l UniGene

Search for: |

Llle

Hz.1548 Home sapiens APS

Prostate specific antigen

See alao APS entry in OMIM

BEST SWISS-PROT HIT

Accession: FO7285

P-value: 2.0e-314

Name: FROSTATE SFECIFIC ANTIGEN FEECURESCR [Homo
zapiens]

Function: FEEZUMAELY HYDEOLYZE THE HIGH MOLECULARE

MASS SEMINAL VESICLE PREOTEIN THUS LEADING
TO THE LIQUEFACTION OF THE SEMINAL
COAGULLIM,

MAPPING INFORMATION

Chromosome: 19

MIM Gene Map: 19913

Gene Map 98 atz-F18096 , Chr.19, D193413-D192221

Gene Map 98 M21896 , Chr.19, D195425-D193415
[ |Document: Done

L




7 Prostate specific antigen - Metscape

File Edt “iew Go Communicator Help

|42 A Datlsd

Note:

MZE663

HKOS352
17040

MZ27274
M24543
14510
HOTT730

AARR1698 cDMA clone IMAGE: 1132498 Frogtate
AALTY9039 cDMA clone IMAGE: 915708  Progtate

EXPRESSION INFORMATION

Highly reprezsented in many libraries

cDNA sources: Elood, Brain, Breast, Colon, Eve, Germ Cell, Liver,

Lung, Ovary, Parathvroid, Prostate, Thymus, Tongil,
Whole embryo

mRNAJGENE SEQUENCES (7)

Homo gapiens progtate-gpecific antigen mRNA, complete P&

cda
Human mENA for proztate specific antigen

Human progtate zpecific antigen precurzor mENA,
complete cds

Human prostate gpecific antigen gene, complete cds

Human prostate-specific antigen {PA) gene, complete cds  FIAS

Human DNA for prostate gpecific antigen [PSA]

Human mENA for progtate specific antigen Fl&

EST SEQUENCES (10 of 438) [Zhow all ESTg]
AAB31839 cDNA clone IMAGE: 1132391 Proztate 7.8 kb
AAB22817 cDNA clone IMAGE: 1132329 Prostate 5.5 kb
AAZ30145 cDNA clone IMAGE: 1010410 Proztate 1.5 kb
AADRAE2TE cDMNA cl
AA2T13T35 cDNA clone IMAGE:683228  Toneil S read 1.8kb

1
1

[
[
o
one IMAGE: 1010410 Prostate 1.8 kb (FIC
o
oz
o

3

|Document: Done
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International RH
mapping consortium

STSs designed from
cDNA sequences

Mapped using
GeneBridge 4 (GB4)
and Stanford G3

panels

Transcript Mapping

Science 1996 Genome Wall Chart



Radiation Hybrid Mapping

(£ B Cell e M
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Transcript Mapping

GeneMap'98 - Netzcape

Fil= Edit “iew Go Communicator Help

423 datasd il D <]
1998 update had over SRR " T ermsions i corsori - GCNEMAP98 T

Sanger = ; WICGR WTCHG EBl MNCEI

30,000 unique ge ne — hrnmsos: i 2 4 @ 7 & 8 1o il 12 13 14 15 i1F 17 1T 19 Z0 21 23 3%
STSs

Search for: ICftr

A New Gene Map of the Human
Genome

About 2000 genetic
markers used for
integration

The International RH Mapping Consortium

The Book of Life This web site is
the electronic data
supplement for the
Gene Map paper

The Human Genome Project iz entering its
climactic phaze that will result, az early az

2003, in a complete and accurate DNA
ACCU racy i m proved gequence reprezenting the genetic blueprint

and evolutionary hizstory of the human species, R, A
Moreover, a "working draft” of thiz "hoolke of life” 1 r.‘f

approx 3-f0|d from may be available ag early az 2001 and, in hoth Eﬁ ..\-

cages, an index to the chapters and paragraphs

1996 release

will greatly enhance both the completion of the

finizhed product az well ag the practical utility See: Deloukas, P,

of the intermediate results for biomedicine. et al., Science 282,
F44-748, 1998,

Thiz new gene map represents such an index

az it includes the locations, within this text, of —
Also of interest

more than 30 000 genes and provides an early

glimpze of zome of the most impartant pieces Genes and Disease
A tha wanaras Frram wnnvs ivannrkantls tha Genetantb =
’@| |Document: Done = 5

www .ncbi.nlm.nih.gov/genemap



GMI8: Search Hesults - Hetzcape

File Edt “iew Go Communicator Help
| 22 AV abassd o)

A NEW GENE MAP OF THE HUMAN GENOME !
The International RH Mapping Consortium GQHEMap 98

-

= NCBI
----------- SHGC WICGR  WTCHG  EBl NCE
Chromosomes: 1 2 3 4 5 6 F 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 X
Searchfor | Cftr

Search Results

RH mapping

red genes

3 records gatisfy the query

gte-MESEES, ... Cystic fibroziz conductance regulator
Diseaze genes
ste-LIPER36 Unknown

Uzin

SHGC-5958%2 Unknown

Questions or Comments?
Contact the NCBI Service Desk

= |Document: Done




File Edit “iew Go Communicator

M98: Locus details - Netscape

Help

22 AV abtasdid D

-
> NCBI

Searc

FH mapping

Mapped genes

c distribution
intervals

Errar an

ger SHGC WICGH

A NEW GENE MAP OF THE HUMAN GENOME
The International RH Mapping Consortium

h far; |

Cross-References

LUniGene

RH Mapping Results

SHGC-9785 53 Map:
FReference interal;
Physical position:
RFH details:
Typed by:

564 Map:
Referance interval:
Physical position:
RH details:

Typed by

sts-M20BES

Electronic PCR Results

ACO00051
[Homo sapiens]

GeneMap 98

WTCHG EEI MNCEBI

Chromosomes: 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 X

Cystic fibrosis conductance regulator

Hs B63  Cystic fibrosis conductance regulator (CFTR)

Chr.7

D7 3523-07 56565 (123.9-126.5 ch)
5752 cHioooo (F)

RHdb RH206Z

Stanford (see SHGC-9YE3)

Chr.7

D7 =523-07 SEA5 (123.9-126.5 ch)
558.49 cRao00 (PO.02)

RHdbh RHA0RE2

Genethon

Genomic {from GenBank PRI division)

Human BAC clone 133KZ3 from 7g31.2, complete sequence

STS 57464 | 57729 bp: SHGC-H7E3

|

|Document: Done

L




STS marker D6S1606

forward primer

—_—

GAQTTTGCACCATTGCACTCCAGCC]
CTQAAACGTGGTAACGTGAGGTCGGZ

Electronic PCR (E-PCR)

[GGGCAACAAGAGTGAAACTCTGTCACAGA
ACCCGTTGTTCTCACTTTGAGACAGTGTCT

v

microsatellite repeat

(CA)n AACGTGGCATGTGCCTGTACTC|TC
(GT) n TTGCACCGTACACGGACATGAGAG

E-PCR softwa
to both primer
be consistent

Schule

PCR product size: 92 - 100 bases

+-—

reverse primer

re searches DNA sequences for exact matches
S in correct order, orientation, and spacing to
with known PCR product size.

r (1997), Genome Research 7, 541-550

>




GMI8: Locus details - Netscape

File Edt “iew Go Communicator Help

v BN d

AC000061

MWS5T31

h2BRES

AAS03064

An010552

Electronic PCR Results

Genomic {from GenBank PRI division)

Human BAC clone 133kKZ3 from 7g31.2, complete sequence
[Homo sapiens]

STS 57464 57729 bp: SHGC-Y7E3
STS 55776 ... 585924 bp: sts-M2EEED

Human cystic fibrosis transmembrane conductance regulator
(CFTR) gene, exon 24

STS 1754 15904 bp: sts-M2B6EES
STS 3593 . B58 bpr SHGC-3753

mBRNAs (from GenBank PRI division)

Hurman cystic fibrosis mBENA, encoding a presumed
transmermbrane conductance regulator (CFTR)

STS 4575 . 4843 bp: SHGC-9753
STS 5390 .. BO39 bp: sts-M2BEES

ESTs (from GenBank EST division)

neddbd4 51 NCI_CGARP _Cod Homo sapiens cDMA clone
IMAGE:S00175 similar to gh:M23668 CYSTIC FIBROSIS

TRANSMEMBRANE CONDUCTANCE REGULATOR (HURARN),

STS 52 240 bp: ste-M2B6EES

nfadal2 51 NCI_ CGARP_Cod Homo sapiens cOMA clone
IMAGE: 925034 similar to gb:M23665 CYSTIC FIBROSIS
TRANSMEMBRAMNE COMNDUCTANCE REGULATOR (HURMAN);

STS 53 241 bpe ste-M2BEES




File Edit “iew Go Communicator

M98: Locus details - Netscape

Help

22 AV abtasdid D

-
> NCBI

Searc

FH mapping

Mapped genes

c distribution
intervals

Errar an

ger SHGC WICGH

A NEW GENE MAP OF THE HUMAN GENOME
The International RH Mapping Consortium

h far; |

Cross-References

LUniGene

RH Mapping Results

SHGC-9785 53 Map:
FReference interal;
Physical position:
RFH details:
Typed by:

564 Map:
Referance interval:
Physical position:
RH details:

Typed by

sts-M20BES

Electronic PCR Results

ACO00051
[Homo sapiens]

GeneMap 98

WTCHG EEI MNCEBI

Chromosomes: 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 X

Cystic fibrosis conductance regulator

Hs B63  Cystic fibrosis conductance regulator (CFTR)

Chr.7

D7 3523-07 56565 (123.9-126.5 ch)
5752 cHioooo (F)

RHdb RH206Z

Stanford (see SHGC-9YE3)

Chr.7

D7 =523-07 SEA5 (123.9-126.5 ch)
558.49 cRao00 (PO.02)

RHdbh RHA0RE2

Genethon

Genomic {from GenBank PRI division)

Human BAC clone 133KZ3 from 7g31.2, complete sequence

STS 57464 | 57729 bp: SHGC-H7E3

|

|Document: Done
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M398: Chr.¥ - Hetzcape

File Edt “iew Go Communicator Help
| 2w AV abasd el

A NEW GENE MAP OF THE HUMAN GENOME !
The International RH Mapping Consortium GEHEMap 98

-
"-':;NCBI

"""""" EHGC WCGR WTCHG ==] MCE
Chromosomes: 1 2 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X
Search for; |

Chromosome 7: D75523-D75655

RH mapping
hia pPpe . .
FHMap  Genetic Gene Cyhogenetic
GB4 G3 Map  Density [decgrarm
Errar anal =
[isease genes #
Uszing th 1
) i
Sear ] 1
b akcer view "
13
Map 12
- T nz
Sear O=ITl 1.1
: 1.1
FARs 12
11.22
123
21
a2
213
Errar Flags 3314
vinor positional TR
discrepancy 2
hjor positional na
discrepancy 2
Chromosame ks
a=signment g
discrepancy
30

= |Document: Done




7 GMA8: Chr 7 - Netscape

File Edt “iew Go Communicator Help

| 2w AVatsd il B o]
E
T Mext interval up
1239 % 5560 F AFM242ye3 D75523 Microsatellite anchor marker AFM242ye3 (SHGC-1I
5583 F SHGC-13594 ESTs
5613 F SHGC-B664  PPP1R3  Protein phosphatase 1, regulatory {inhibito..
5613 F SHGC-12021 PPP1RE3 Protein phosphatase 1, regulatory (inhibito.,
123.9 5624 F AFhlalE2zdd DV E2554 Microsatellite marker AFMalE2zd3 (SHGC-22.
123.4 5629 F AFWIZ3yns DFS6EE7  Microsatellite marker AFMIZ3ygd (SHEC-191..
125.0 5662 F AFhb343xc1 D7 2502 Microsatellite marker AFMEI43xc] (SHGEC-22.
125.3 5671 F AFhlald5xb1 DV S2543 Microsatellite marker AFMa045xbl (SHGEC-22.
12563 | #5680 F AFMOSGxg3 DFS486 Microsatellite marker AFMOSExg (SHEC-46)
128,14 || - GEEE [ AFWZA2ves  DVE522  Microsatellite marker AFMZA2ye3 (SHGC-999.
* 57T F SHGC-10385 Homa sapiens clone 24651 mREMA sequence
125.1 5727 F AFMS7 10 DV S2460 Microsatellite marker AFMISY 10 (SHEC-Z2.
8N F SHGC-106ES Huran activated met oncogene mREMNA, partial..
* o744 F SRHGC-566E0 ESTs
* 5748 F SHGC-12677 WNTZ  Wingless-type MMTY integration site 2, hum..
45748 F SHGC-G705 ESTs
* 5752 F » SHGEC-9783 CFTR Cystic fibrosis conductance regulator
8773 F SHGC-5952 Lnknown
8777 F SHGC-35613 Homo sapiens cystic fibrosis transmembrane .
5791 F SHGC-102584 ESTs |
126.5 ==* 5806 F AFMZ263wygd D75635 Microsatellite anchor marker AFM263wg9 (SHGC3
+ Mext interval down

= |Document: Done
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SAGEmap

T CHAP SAGE spaulis - Masasodt Irasinesi | aghai e

[/ o e B e g ] el

Presentation of SAGE

Gﬂg:ﬂhd‘wnt Colar = GREEN if expreisioa
data generated by O RRNNEIR < ox 1 Gowp 3 Grewp & i
CGAP, Greg R|gg|ns 8 SAGE g  Onitiems id Gene description A:E GipA Errl':;
T Proteis kinase, AR
(Duke) 1 H 1515 dnpendest, ey, trpe L B om0
gz VAT o 0sT  Symucie bets B T 1om
3 CEAMGECOCE o s H saposss P HA Bromn TYL AB 1 w 10095
Highlights expression « T mias DG B m
. ATTaTTTe BETA-2-MICEOGLOBULIN ths
differences between 7 B4 ppacumson > - B
. . . §  TUCTOMTE poaTe  ESTe Apez 7 100%
different libraries s
i Hi3end  ESTs B 1 46 G
i bbbty - 6 L FE;ﬁﬂ"‘ﬁ‘ B o7 s
S AGE t Ha a5 mmﬁw.mm:
ags are 3086 ]
. ACALARRCTS WARNING: Tag maiches o :
mapped to UniGene g NA tochendnal DA =’ " B
1 M monsns BSTe JBa @ wm
i P B ﬁmﬂ”“ M
T AT ﬁﬁ;lgﬁﬁ" RO Apez 4 o
N SO T ﬁﬂ;’;ﬁ;“mj’ A
» CACMETITGE o s Efurran gene for neuraBlament B 24 e

rubanit M (HIF- M) del .l

www.ncbi.nim/nih.gov/SAGE



Revealing the Picture




Positional Cloning

Family Chromosome Large-Insert Candidate Disease
Studies Interval Clones Genes Mutation
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Genetic Physical Transcript Gene

Mapping Mapping Mapping Sequencing




Positional Candidate Cloning

4.
| 5. ESTs, unidentied
nn * 6. ESTs, unidentied
Pro
7.

Family Chromosome Candidate Disease
Studies Interval Genes Mutation
Met A A Met
TT
A GG
Val G G Val
HiEEN T T
| 3 cc
1. ESTs, unidentied — | Ser T T Ser
—‘ 2. Breast cancer susceptibility ccC
[ | locus 1 (BRCA1) AA
3. ESTs, highly similar to Leu C C Leu
patched [Drosophila TT
. melanogaster] G G
Phosphofructokinase (PFK) Gln C T
AR
A A
cC
cC
G G
TT
G G
TT

- Deleted in pancreatic cancer
1 (DPC1)
8. ESTs, unidentied ||
A Cys
E—— —_— —_—
Genetic Computer Gene

Mapping Search Sequencing




Completing the Puzzle




